29 Novenber 2004 DESCRI PTI ON ZOOM LENS AND METHOD FOR I\/AWHFH g']
SAME 5 TECHNI CAL FI ELD The present invention relates to a zoom I ens having
a high magnification, a conpact size, |ow cost and high performance used
suitably for a video canera, and to a mdthod for manufacturing the same.

10 BACKGROUND ART Conventionally, as a zoom|ens used for a video canera, a
zoom | ens conposed of four groups of |lenses is known, as can be seen in
JP2(1990) - 55308A. The four groups iPERe¥gPT@ONT St | ens group having a
positive refracting force that is fixed; a second |ens group having a
negative 15 refracting force that is novable for varying magnification; a

third | ens gro@@®@OMLENS ANIDMETHODEORMANUFAICEURING THHE SARIE and a
fourth lens group having a positive refracting force that is novable for

correcting fluctuations of an inmage plane resulting fromvarying
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to as a a positive re actmg force’ that is movable for correcting ﬂuctuatlons of an
image plane resulting from varying magnification and also for focusing. The
first, second, third and fourth lens groups are disposed from an object side in
20  this order.

In addition, JP4(1992)-104114A (hereinafter referred to as a
conventional example 1) discloses a zoom lens composed of four groups of
lenses as described above in which one glass aspherical lens is used for the
third lens group and the fourth lens group respectively mainly for the

25  purpose of miniaturization. However, since a glass aspherical lens needs to
be formed by a molding method at a high temperature, an expensive metal
mold has a short lifetime, and the cost for a glass aspherical lens is about

three times as high as for a glass spherical lens.
Furthermore, JP9(1997)-311272A (hereinafter referred to as a
30 conventional example 2) uses a plastic lens for cost reduction. However, a
plastie lens has a large coefficient of linear expansion and is also susceptible
to a temperature change, so that its performance with respect to an image
pickup device with a large number of pixels is not sufficient. Moreover, due
to its low refractive index, a plastic lens is not suitable for miniaturization.
35 Furthermore, JP11(1999)-194273A (hercinafter referred to as a
conventional example 3) proposes a method for manufacturing a zoom lens at
low cost by replacing the glass aspherical lens in the third lens group of the



conventional exanple 3) proposes a nethod for manufacturi épzbggls at
| ow cost by replacing the glass aspherical lens in the thir ens group of
the 29 Novenber 2004 2 conventional exanple 1 with a plastic aspherical

| ens. However, the problemwas that thhs zoomlens is susceptible to
deformati on caused by a tenperature change as in the conventional exanple
2. As described above, a glass aspherical lens used for mniaturizing a 5

zoom | ens FeRvenierrlo cxarmmle hawidh sndvlastiagaspleercaly fanssi However.edber

when the expepiehy &= 3% tAEPH6Srh J8hs i€ BEsMARIBIE RbAfSS Mk iibn RSB REAST Ve
plastic lens, due to the fact, t&lat | astjcs, have fi\ oefficient of I'inear

expansi on ‘OPPSHIYET F SRS entiong) skampleass  the probl em was
that the effectas ddschibedt aladveprsglans tfaghegicanbirisveséd daxmniagiefigirpai on

caused py e 1 han rep.serious. DI SCLOSURE OF THE | NVENTI ON
oUT el oSBT F o BB IANNER Wb HRE R Rl BB ARt &
conpact si mhephtheeexpingivd glasg asphiegicahtegsi was a¢ploned atitly aofingspensig® 15

times and $iicaBhgande &f urhU uldk Sastill Gl bURCRATE! ﬁhg&gﬁé%ée:ﬁg? rance

susceptible_to a tenperature cha reall zing

at | ow cos®f aReUhighnesoRpaTEe ia\ggh{ap gﬁggsﬁr the pealeny Was paahthe qideciehi eve

t he above- geflucanaibdiretie rdff:teaaask ot ¢RI £ibr asusdEby temiRWARGe
structg@e. 8%0 Accor di %gﬁto an aspect of the present invention, a zoomlens
. i
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To achieve the above-mentioned object, the present invention has the
following structure.

20 According to an aspect of the present invention, a zoom lens is
provided, the zoom lens comprising a first lens group having a positive
refracting force that is fixed; a second lens group having a negative
refracting force that is movable along an optical axis and provided with a
function of varying magnification; a third lens group having a positive

25 refracting force that is fixed; and a fourth lens group having a positive
refracting force that is movable along an optical axis and provided with a
function of correcting fluctuations of an image plane resulting from varying
magnification or changing an object distance, the first, second, third and
fourth lens groups being disposed from an object side in this order, wherein

30  the third lens group and the fourth lens group both include a positive glass
spherical lens and a plastic aspherical lens, and the plastic aspherical lens
in the third lens group and the plastic aspherical lens in the fourth lens
group satisfy the following conditional expressions:

fw /| f3p]<0.02
35 fw /| f4p]| <0.02



spherical lens and a plastic aspherical |ens, and the pl [Gvedsi hcal
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manner’, the effects of fluctuations in the refractive index or deformation

caused by temperature changes can be reduced, so that a zoom lens that is

20  less susceptible to the use environment and has a compact size and high
performance can be realized at low cost.

Furthermore, it is preferable in the above-mentioned zoom lens that
the third lens group includes 2 lenses in 2 groups composed of a positive
glass spherical lens and a plastic aspherical lens disposed from an object

25 side in this order. By disposing a plastic aspherical lens in a position where
axial marginal rays are almost afocal in the third group in such a manner,
the effects of fluctuations in the refractive index or deformation caused by
temperature changes can be reduced greatly, so that a zoom lens that has a
compact size and high performance can be provided at low cost.

30 According to another aspect of the present invention, a method for
manufacturing a zoom lens is provided, the method comprising a third lens
group and a fourth lens group respectively having a positive glass spherical
lens and a plastic aspherical lens while using at least one or more lenses or
lens barrels of an arbitrary zoom lens that is constructed of a first lens group

35 having a positive refracting force that is fixed, a second lens group having a
negative refracting force that is movable along an optical axis and provided
with a function of varying magnification, a third lens group having a positive
refracting force that is fixed, and a fourth lens group having a positive
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20 preferably is a zoom lens in which positive glass aspherical lenses are

provided for the third lens group and the fourth lens group. In addition, the
first lens group and the second lens group preferably are composed entirely
of glass spherical lenses.

According to the manufacturing method of the present invention,
25 when both the zoom lens of the present invention mentioned above and a
zoom lens other than this type (for example, a conventional zoom lens
composed of four groups using positive glass aspherical lenses for the third
group and the fourth group) are to be manufactured, components (lenses or
lens barrels) other than the third lens group and the fourth lens group can
30 Dbe shared partially or entirely, so that a zoom lens having a compact size
and high performance can be manufactured at low cost using fewer metal
molds or with less capital investment. For example, since it becomes
possible to provide a zoom lens that is suited for a high number of pixels in
an image pickup device at low cost, it is particularly effective for conforming

35 to merchandise lines of a video camera.
By weakening the refracting power of the plastic aspherical lens used
for the third lens group as well as for the fourth lens group, the effects of
fluctuations in the refractive index or deformation caused by temperature



20 preferably is a zoomlens in which positive glass asphgyNg@midpne6s are
provided for the third lens group and the fourth |l ens group. In addition,
the first lens group and the second | ens group preferably are conposed
entirely of glass spherical |enses. Accgrding to the manufacturing nethod
of the present invention, 25 when both the zoomlens of the present

I nvention nentioned above and a zoomlens other than this type (for
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i nventi on. . N tion properties at a wide-angle end o

the zoom Iiérlrllglflﬁtht%hﬂggﬁé#ﬁoe%ﬁ%gg& r?tprc?fsg?ﬁ VSP Xnt invention. 10 FIG 3
i | lustrates aber rBl&of ippopewtshesving the donfignratddm o apoeit lems infa sedvmdzoom

I ens i n# heethbbaimSRPSIHEENE:Ot R8nAbRSENt invention. FIG 4 illustrates
aberration proper%.' s . al. a telephoto end of the zoom |ens in the fjrst
erbodi ment of the t)(?egeﬁ{usitwigﬁtar gration properties at a wide-angle end of the
zoom lens in the second embodiment of the present invention.
FIG. 7 illustrates aberration properties at an intermediate position of
the zoom lens in the second embodiment of the present invention.
20 FIG. 8 illustrates aberration properties at a telephoto end of the zoom

lens in the second embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
[Embodiment 1]
25 Hereinafter, Embodiment 1 of the present invention will be described
with reference to FIG. 1 to FIG. 4.
FIG. 11s a view showing the configuration of a zoom lens according to
Embodiment 1 of the present invention. As shown in FIG. 1, a zoom lens in
the present embodiment has a structure in which a first lens group 1, a
30  second lens group 2, a diaphragm S, a third lens group 8, a fourth lens group
4 and an equivalent glass EG that is equivalent to a cover glass or a low-pass
filter etc. of an image pickup device are disposed from an object side (left side
in the drawing) in this order. The first lens group 1 includes a lens L1
composed of two lenses bonded together and a lens L2 and has a positive
35  refracting power as a whole, which is fixed to a lens barrel not shown in the
drawing. Both lenses L1 and L2 are glass spherical lenses having a positive
refracting power. The second lens group 2 includes a lens L3 and a lens L4



FIG 5 is a view show ng the configuration of a zoom | ens?b d Rofersfiz 0064 15
enbodi ment of the present invention. FIG 6 illustrates aberration
properties at a wide-angle end of the zoomlens in the second enbodi ment
of the present invention. FIG 7 illustr#&es aberration properties at an
i nternediate position of the zoomlens in the second enbodi ment of the
present invention. 20 FIG 8 illustrates aberration properties at a
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aspheri cal Eerdmdiment 1. In Table 1, r1, r2, ... respectively show a radius of curvature

on each lens surface (where a surface with * is an aspherical surface, and in.

this case, r shows a radius of curvature of a reference spherical surface); d1,

20  d2, ... respectively show a thickness of each lens or an air distance; nl, n2, ...
respectively show a refractive index of each lens with respect to a d-line; and
vl, v2, ... respectively show an Abbe number with reference to the d-line.
Each numerical subscript shows the corresponding number in counting from
the object side in this order. Furthermore, f shows a focal length of an entire

25  system, and F/ shows an F number.

In the drawing, air distances d5, d10, d15 and d20 are variable and
also show each focal length f at a wide-angle end, an intermediate position
and a telephoto end and the above-mentioned variable air distances at the
respective moments.

30 In addition, the shape of each aspherical surface for the plastic
aspherical lens L6 (114, r15) and that for the plastic aspherical lens L7 (x186,
r17) are expressed by the following equation:

x=(h2/r) /(1 +(1-®+1h2/r2) /2 + Aht + Bhé + Ch8 + Dh10 +

Ehi2

35  where x is an optical direction, h is a distance from an optical axis, and r is a
radius of curvature of a reference spherical surface. Aspherical coefficients
K, A, B, C, D and E of the respective surfaces are also shown in Table 1.
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fol l owi ng egupt Losgosxgdih2/ 1)/ fig( 1-&%—{&31@2”2) 1/ 2) +Ah4+Bh6+Ch8+Dh10+ Eh12
35 where x is an %ca di rection, I'S a distance froman optical axis,
and r is a ¥ddius aEWat urélbf 20-88f erence spherical surface. Aspherical

coef ficifentsl2 K, A 7B/3&, D agubk E of gpbe A gspect ygpqgurf acgsyare ’@iéo shown
in Tabl e 1.rf§ Noveﬂpgég 2004 Jlérabl(?5}1f =3.76--73.9F/ 1.67 - F/ 3.2

rl4* 15.888 dl4 1500 n8 1.49176 v 8 56.7

rib* 15.830 di5 variable

rl6* 30.888 di6 1.500 n9 1.49176 v9 56.7
20 rl17* 29.841 d1l7  0.100

rl8 10.967 dl8 0.700 nl0  1.84666 vi0  23.8

rl9 5.498 dl9  3.100 nil 1.69680 v11 55.6

r20 -35.300 d20  variable

r21 0 d21  4.000 nl12 1.51633 vli2  64.2
25  r22 o0



r ‘146. 666d 11.000n 11.84666v 123.8 5r 223.849d 25.450n 21 r
3-131. 8300d 30.150 r 420.159d 43.000n 31.62041v 360.3 r %R%%ggﬁ)?abl e

r 643.600d 60. 700n 41.80610v 440.8 10r 76.300d 72.529 r 8-8.332d 80. 700n
51.72916v 554.7 r 96.609d 92.400n 61. 80588v 625.4 r10-23125.990d10vari abl e
r11di aphragnd110. 85 15r 127. 738d122. 900n 71.48749v 770.2 r1324.598d130. 511
r14*15. 888d141. 500n 81.49176v 856.7 r15*15. 830d15vari abl e

r16* 30. 888d%§ﬁ?g%0%€% 49176v 956.7 20r17*29.841d170. 100
r1810. 967d180, n . 84666v1023. 8 r195. 498d193. 100n111. 69680v1155. 6

r 20- 35. 300d20vari abl e r2150d214. 000dH121. 51633vdldB4. 2 25r 228D 29 Novenber

2004 8 vari aplyg spacing .gdg d10 dig,daq 3.76 %@@% 20. 833 ggos 4. 000
28. 2 16.462g§ 118 3297, 9 306 5 73. 920, 567 1. 014°90. 003 2. BB, aspher i cal

coefficient ¢5& surface K -6.710-A8 3.26048-2910 "3 10586- 1.09851 x
10 -4 5 1739 920.567 1.014 10.003 2.800

aspherical coefficients of surface 14
-6.710
-3.26041 x 1073
- 1.09851 x 10 4
777231 x 1076
- 2.88641 x 1077
3.83953 x 10 79

10

HUY QW N

15  aspherical coefficients of surface 15
5.287
2.88796 x 10 73
3.28289 x 10 4
2.08666 x 10 7
2.89656 x 10 7
-6.82847 x 10 °

20

HY QW > R

aspherical coefficients of surface 16
-7.144

0.0

0.0

0.0

0.0

0.0

25
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30
aspherical coefficients of surface 17

- 4.300

8.96200 x 10 73

1.93390 x 10 76

2.16390 x 10 6

1.35340 x 1078
- 7.60800 x 10 710

35

MY QW > N



C 7.77231x10"6 D - 2.88541 x 10 -1 E 3.83953 x 10 -9 15@Erphshibeabo4
coefficients of surface 15 K 5.287 A 2.88796 x 10 "3 B 3.23289 x 10 -4 C

2.08666 x 10 -7 20 D 2.89656 x 10 7 E - 6.82847 x 10 -9 aspheri cal
coefficients of surface 16 K -7.144 25 0.0 B0.0 C0.0 DO0.0 EO.0
30 aspherical coefficients of surface 17 K -4.300 A 8.96200 x 10 73 B
1.93390 x 10 "6 35 C 2.16390 x 10 -6 D 1.35340 x 10 -8 E - 7.60800 x 10

- C r._.of t he
3T ot S s LR
| = 0.003 q;\}s/ls| QW@W&@IW is a focal length of an enti re
syst emat a w de- &mgl|ef3 n|d of@mis a focal length of the plastic
aspherical lens ng/r] & e] %'d(ﬁ |l ens group 3, and f4p
5  where fw is a focal length of an entire system at a wide-angle end, f3p is a
focal length of the plastic aspherical lens L6 in the third lens group 8, and fdp
1s a focal length of the plastic aspherical lens L7 in the fourth lens group 4.
FIG. 2 to FIG. 4 illustrate aberrations at a wide-angle end, at an
intermediate position and at a telephoto end of this zoom lens respectively.

10  In FIG. 2 to FIG. 4, f shows a focal length of an entire system, F/ shows an F
number and 2w shows an angle of view. In the spherical aberrations
illustrated in FIG. 2 to FIG. 4, F shows a F-line, and C shows a C-line.
Furthermore, in the illustrations of astigmatisms, S shows a sagittal image
plane, and M shows a meridional image plane.

15 As is clear from these illustrations of aberrations, excellent optical
performance with less aberration can be realized by combining a glass
spherical lens and a plastic aspherical lens as in the present embodiment.

The zoom lens in the present embodiment can be realized at low cost,

for example, by sharing the first and second lens groups and the lens barrels

- 20 used in the conventional zoom lens composed of four groups of glasses as
described above, and replacing the third and fourth lens groups with the
configuration of the present embodiment, at least two kinds of zoom lenses

can be manufactured while sharing the manufacturing facility. Moreover,
depending on a change in the number of pixels in the image pickup device of

25 avideo camera, zoom lenses to be combined can be selected appropriately and
manufactured more easily, so that a variety of merchandise lines can be
realized with less capital investment.

Embodiment 2
FIG. 5 is a view showing the configuration of a zoom lens according to

30 Embodiment 2 of the present invention. The zoom lens in the present,
embodiment differs from the zoom lens in Embodiment 1 in that the plastic
aspherical lens L7 in the fourth lens group 4 is disposed on the side of an .
image plane of the glass spherical bonded lens LS. The configuration other
than this aspect is the same as that in Embodiment 1, and the component

35 members having the same functions as those in FIG. 1 have been given the
same reference numerals, and the redundant explanations thereof are
omitted.



is a focal length of the plastic aspherical lens L7 in tg@ﬁmﬂ%rbm
group 4. FIG 2 to FIG 4 illustrate aberrations at a wi de-angle end, at an

internedi ate position and at a tel ephoto end of this zoom | ens
respectively. 10 In FIG 2 to FIG 4, fi®hows a focal length of an entire
system F/ shows an F nunber and 2w shows an angle of view In the
spherical aberrations illustrated in FIG 2 to FIG 4, F shows a F-1line,

and C shows a C-limpe. &t bt i i . asti ti.sns, S
Shovs a sagittal . LHE foSH g TERY £ spblle dhfxiploy B RN ey he FRARETRN E" o
is clear frBmiodiment|d.ystheavariays sparkseetcain Gable 8xtuasiel thet sptimekning

per f or mancegmd ffabRSs aberrati on can be realized by conmbining a gl ass
spherical lens and a plastic aspherical lens as in the present enbodi nent.
The zoomlens in the present enbodi nent can be realized at | ow cost, for
exanpl e,5 by sharing the first and second | ens groups and the lens barrels
20 used in the conventional zoom |l ens f@ﬂggged of four groups of glasses as
descri bed above, and replacing the thi fourth lens groups with the
configuration of the presentf-edii&d Batt , aF/1.68stFBvdt ki nds of zoom | enses
can be manufactured while sharing the manufacturing facility. Moreover,
dependi ng on_a change in the nunber_ of pixels in the image pickup device of
25 a video Bdnera, | ensed 1t 0 be0RONIR hed caBdeRb sel ectvell ap@Bdbriatel y

and maruf agured My.g3®asil yd 2so thaspa wari etyg@diier chardg se Ilggnes can
be realized,wthl apital ,i nv nt. Enbodinent 2 FIG 5 is a view
show ng t he' onfidéﬁziggn of‘i3zooﬁiﬁgﬁs according to 30 Enbodi nent 2 of
t-he presentrédnvent iZ8h326rhe zobdh | erB3000 tth8 pr esé241 enbodivi@nt @ofS ers

fromthe zopm | ens gggfgrbodi n@gt 1 ‘}é}(ijéﬂl@t the plastic aspherical lens L7
4 is_disposed on the side of an inmage pl ane of

in the fourth Iens grou )
the gl ass shheri caléib%?ﬁged | h§ 18.0-THR abhfi guk86Kh ot hew 4t hadlthhi s
aspect 15 thg& sane &s30hat i nd Enbodi pemt 1, and the conponent 35 nenbers

et orence. rifer al s, SHA8 ¢ thrjegﬁiSa' 10,3 nat o iher cof Yhie i ted. 29

Novenber 2004 10 6.455 2.400 né6 1.80518 v 6 256.4

rl0 193.733 d10  variable
ril diaphragm d11 0.85 :

20 12 8.287 di2 2900 n7 1.48749 v 7 70.2
rl3 34.473 d13  0.548
rl4* 17.477 d14 1500 n8 1.49176 v 8 56.7
r15* 17.412 d15  variable
rl6 10.207 di6 0700 n9 1.84666 v9 23.8

25 r17 5.407 d17 3.100 nl0 1.69680 v10 55.6
r18 -566.378 d18  0.100
r19* -30.888 d1i9 1.500 niil 1.49176 vii 56.7
r20% -29.841 d20  variable
r21 0 d21 4000 nl2 1.51633 v12 64.2

30 122 oo



The followi ng Table 2 shows exanples of values for the zogmhedsudrBoo4
Enbodi nent 2. The various marks etc. in Table 2 have the sane neaning as
in Table 1. 5Table 2 f=3.76-73.4F/1.66 - F/3.24 r 145.883d 11.000n
11.84666v 123.8 10r 223.833d 25.450n 21.¢P311lv 260.6 r 3-135.640d 30.150 r
420. 326d 43.000n 31.62041v 360.3 r 553.370d 5variable r 631.633d 60.700n
41. 80610v 440.8 15r 76.307d 72.529 r 8-8.099d 80.700n 51.72916v 554.7 r

96. 455d 92. ggg g E80518v625 4 r10193. 733 dlOvari abl e r11di aphragnd110. 85
20r 128. 287d B 248749v 770.2 r1334.473d130. 548 r14*17. 477d141. 500n

81.49176v 856f 7 r15*17.d32d15vari abd®0r 1610. 207d1%50. 700n 91BN 666V 923. 8

25r175. 407d1%g?100n101 6@§§6V1055. 6%6%5656 378d1§38 S;rOO

r 19* - 30. 888d 500n111. 49176v1156 29. 8410150var i abl €-P9900d214. 000
n121.51633v#8&4. 2 30r 2285388 Novenbe?-24604 11 va324Dl e spadd.6§7f d5 d10 di15

d20 3.7 073Q0 20.881 8p8B8 4. 000 2827 16. 335150846 3. 242 8p§67

aspherical coefficients of surface 14
- 7.366
-4.36433 x 10 72
-9.69352 x 10 75
4.60273 x 1076
~ 1.55699 x 10 77
2.08018 x 10 ™®

10

Hoowk N

15  aspherical coefficients of surface 15
3.300
6.08972 x 10 73
-4.14075x 1075
3.19769 x 10 78
- 7.90882 x 10 77
7.77467 x 10 ™

20

HO QW N

aspherical coefficients of surface 19
5.019

0.0

0.0

0.0

0.0

0.0

25

HOowk R

30
aspherical coefficients of surface 20

- 10.064

1.19933 x 10 2

1.24795 x 10 3
- 2.47896 x 10 ™4

1.63710 x 1075
-3.76317x 1077

35
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5 73.4 20.558 1.023 10.009 2.800 aspherical coefficients K
-7.366 A - 4.36433 x 10 '"3 10 B - 9.69352 x 10 -5 C 4.%%§§g&§&%30&§ D
-- 1.55699 x 10 7 E 2.08018 x 10 -9 15 aspherical coefficients of surface
15 K 3.300 A 6.08972 x 10 -3 B -4.14075x10-5 C 3.19769 x 10 -5 20 D --
7.90882 x 10 -7 E 7.77467 x 10 '"9 aspherical coefficients of surface 19

K5 019 25 A0.0 B0.0 C0.0 DO.0 E 0.0 30 aspherical coefficients of
surface 20 K - 10.054 A 1.19933 x 10 -2 B 1.24795 x 10 -3 35 C - 2.47896
x 10 -4 D 1.63710x10-5 E 3.76317 x 10 7 29 Novenber 2004 12 In the present
exanpl e, the refrhcthagresemsrexaimplbethy wefraativgspineer ofithe plastic aspherical

lens is defined by the following equations:
fw/ | £3p | =0.003
5 - fw/ | f4p | =0.001

FI1G. 6 to FIG. 8 illustrate aberrations at a wide-angle end, at an
mtermediate position and at a telephoto end of this zoom lens respectively.
The marks ete. in the drawings are the same as those in FIG. 2 to FIG. 4.

The zoom lens in the present embodiment is able to achieve excellent

10  optical performance with a low level of aberration similar to that of
Embodiment 1.

Furthermore, as in Embodiment 1, for example, by sharing the
common component members as those used in the conventional zoom lens
composed of four groups of glasses, the manufacturing facility can be shared,

15  so that the cost can be reduced, and a variety of merchandise lines can be
realized.

The embodiments described above are all used strictly with the
intention of clarifying the technical contents of the present invention, and the
present invention is not to be considered as being limited to such specific

20 examples. For example, the material used for the plastic lenses in the
examples was polymethyl methacrylate (PMMA) (for example, “ACRYPET”
manufactured by Mitsubishi Rayon Co., Ltd., “SUMIPEX” manufactured by
Sumitomo Chemical Co., Ltd.), but other than this material, it is also possible
to use a polycarbonate resin (PC) (for example, “PANLITE” manufactured by

25 Teijin Chemicals Ltd., “IUPILON” manufactured by Mitsubishi
Engineering-Plastics Corporation), a cyclic olefin polymer (for example,
“ZEONEX” manufactured by Zeon Corporation, “ARTON" manufactured by
JSR Corporation, “APEL” manufactured by Mitsui Chemicals, Inc.), a
styrenic resin (for example, “ESTYLENE MS” manufactured by Nippon Steel

30  Chemical Co., Ltd.), a polystyrene resin (PS) (for example, “DIC STYRENE”
manufactured by Dainippon Ink and Chemicals Incorporated), a
low-hygroscopic acrylic (for example, “OPTOREZ” manufactured by Hitachi
Chemical Co., Ltd., “ACRYPET WF100” manufactured by Mitsubishi Rayon
Co., Ltd.) or the like.

35 For example, when a polycarbonate resin (PC) is used, heat resistance
and deformation due to moisture absorption can be improved compared to
using polymethyl methacrylate (PMMA).



lens is defined by the foll owing equations: fw/~| f3p] SPONGRbep 2btM /|
fdap | = 0.001 FIG 6 to FIG 8 illustrate aberrations at a w de-angle end,

at an internediate position and at a tel ephoto end of this zoom|ens
respectively. The marks etc. in the dralg ngs are the sane as those in FIG
2 to FIG 4. The zoomlens in the present enbodinent is able to achieve
excellent 10 optical performance with a |low |l evel of aberration simlar to
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pol ycar bona?%pl?eé‘z(iam lonsss l?agyﬂ:;se)ela%e%ﬁ)gteth]eésg (S group afidJor the Second lens

group. The use of aspherical lenses for the first lens group and/or the second

lens group is effective for correcting distortion aberrations and so forth.

Thus, the present invention can be carried out in different variations
20  without departing from the spirit and the claims of this invention, and the

present invention is to be interpreted in a broad sense.



and deformation due to noisture absorption can be inprov
usi ng pol ynet hyl nethacrylate (PMMA). 29 Novenber 2004 1§g)o§ﬂ£§%ﬁgP%€ when
a cyclic olefin polymer is used, heat resistance and deformation due to
moi sture absorption can be inproved congj derably w thout deteriorating
di spersion. For exanple, when a styrenic resin or a polystyrene resin (PS)
Is used, 5 the lens can be created inexpensively. For exanple, when a
Iomfhygroségﬁﬂgﬁ%crylic is used, deformation due to noisture absorption
can be inproved. Furthernore, when a polycarbonate resin is used, it is
desirabl e hp fgqn1th? outer di.anmeter of a lens to becone sufficiently

"t he
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| enses for the fithsid 1eBRLroH:E HAvERE 2 LRRIBRCRDA AHRSTOBEOMAL 1D Yiked2RAET | Cal
| enses may be ugﬁ% fﬂrithe first l.ens group and/or, the second | ens . group.

The use of asph EFFOUPRAYIRG § PPEvE dFraghBg Jorssdihnt 1pBowRRignd
| ens gr oup alenghh eticab akBrarad predded gvith atfanktion odkekfertingBudnetisasf ort h.
i fferent vari.ations 20

i tnout Y aeBS it inteloflse e ind ubf (kB pRamAsRf e, S roieBl. Sn ¢ ne
present i nebjrctomstasce,o be interpreted in a broad sense. 29 Novermber 2004
ot racting oreet Rats Lo g e i adh ¢ r Al SRR Rt B Y
ref ract i ng°Pisicé sidenix thig opdsrabl e  al ong an optical axis and provided with a
function of var wHigehp@¥ thigblen@tiroup drt titk foRich WrRUS-JIVH&G RchRE Li ve
ref racié ngp]:)g{tl%% élggé Sipls'xe%c‘ilcélefnj’::;nsaggd a plastic aspherical lens; and the plastic
aspherical lens in the third lens group and the plastic aspherical lens in the
fourth lens group satisfy the following conditional expressions:
fw/ [£3p|<0.02
fw/ |f4p|<0.02
20  where fw is a focal length of an entire system at a wide-angle end, f3p is a
focal length of the plastic aspherical lens in the third group, and fp is a

focal length of the plastic aspherical lens in the fourth group.

2. The zoom lens according to claim 1, wherein the third lens group
25 comprises a doublet composed of a positive glass spherical lens and a
plastic aspherical lens disposed from an object side in this order.

3. A method for manufacturing a zoom lens comprising a third lens
group and a fourth lens group respectively having a positive glass spherical
30 lens and a plastic aspherical lens while using at least one or more lenses or
lens barrels of a zoom lens that is constructed of a first lens group having a
positive refracting force that is fixed, a second lens group having a negative
refracting force that is movable along an optical axis and provided with a
function of varying magnification, a third lens group having a positive
35 refracting force that is fixed, and a fourth lens group having a positive
refracting force that is movable along an optical axis and provided with a
function of correcting fluctuations of an image plane resulting from varying



a fourth lens group having a positive refracting force thafnbvefiRY280£
along an optical axis and provided with a function of correcting

fluctuations 10 of an image plane resulting fromvarying magnification or
changi ng an object distance, the firstygsecond, third and fourth |ens
groups being disposed froman object side in this order, wherein the third
| ens group and the fourth I ens group both include a 15 p05|t|ve gl ass
spheri cal MeRgniHRAten Hrach ?Ibg’ﬁgrﬁ%tq%d%t ql@??@“aﬁhﬂﬁi‘&:pﬁ%@ﬂ% thirgopadi cal

:ens in th@oﬁﬂt‘thl‘lénétgﬁ&h :;ggFlamgamd bé@dﬁ%)aﬁahlq)b@&mﬂéﬁa&uh%?am; nlthg fourth
ens group sati sf e follo ndi t.i pna ns W

<0.02 fw/ | qreiy e %%%BB?W@S Esflﬁ’cﬁf %%ﬁat 1 ErQHP AR tg‘esystem
at a wide- @ﬂl@ﬁtﬂ? awppheficpl ilsna irf odwl foertht Herd groapplsasisiyc thsplisidvwiak | ens
in the ghir 10, 4n.d.s a focal length of the plastic aspherica
lens in theg?gﬁf e§§gﬁ%“§1 "The zoom | ens according to claim1, wherein
the third | ens @Néh P|Z@(¥bnpr|ses a doubl et conposed of a positive glass
spherical |ens @Q pkﬁ@jlc aspherical |ens disposed froman object side
inthis ord for nuf acturi ng a zoom_| ens conpr|5|ng athird
lens gr oub‘ﬁ'hq’ia%‘l n?????q ?Eﬁ’a TEEFTEISR 4 aafagnglopead: fArRiyhass
spheri cal $(6bd1€16ﬁgla:ndf ahalpaasttcc a@ﬁﬁ@l&éalclahshﬁnﬂ‘lé/\ﬂﬁﬂ‘@ gtsupg aatl #4gafd aOne or
nor e If83e§ &ﬁ]en Hﬁ% Is gf zoqﬂ1lens b% % constructed of a first

| ens group N |néﬁ§ gﬂ%?ﬁ% ? AgPY B Y¥xed, a second |ens
gr oup haV|ng a negative refracting force that is anabIe al ong an opti cal
axis and provided with a function of varying nagnification, a third | ens
group having a positive 35 refracting force that is fixed, and a fourth

| ens group having a positive refracting force that is novable along an
optical axis and provided with a function of correcting fluctuations of an
i mge plane resulting fromvarying 29 Novenber 2004 1 5 magnification or
changi ng an object distance, the first, second, third and fourth |ens

groups bei ng di sposed froman object side in this order; wherein the
pl astic aspherical lens in the third | ens group and the




p'I astic aspherical lens in the fourth | ens group satisfy 44§ BOVWoHe S
conditional expressions: fw/ | f3p | <0.02 fw/ | f4p | <0?%%l‘vem?ere fwis

a focal length of an entire systemat a wi de-angle end, f3p is a focal
| ength of the plastic aspherical lens inlfhe third group, and f4p is a 10
focal length of the plastic aspherical lens in the fourth group. ABSTRACT
A zoomlens includes a first lens group (1) having a positive refracting
force that ARdTRAEdT a second | ens group (2) having a negative refracting
force that 1s novable along an optical axis and provided with a function
of varying negnification, a third |lens group (3) having a positive
refr ?Pt ing force A%?m Eniniﬁéﬂ?ﬂps af’iﬂ'sﬂlirlfwgﬂo:&ﬂ (Q)\Eaﬁfrfg‘t"@pﬁlgihv@ﬁ’émggﬁg
positive refracting force tha mova ang an optical, axis an
provi ded wi 4136 thiltis el arestend B £ U0 /(E) REVIE: OReS Ve FRIraRtng I Sthe
resul ti Ay f thoahisangvabde sy 41 opticainaxis andgngvitpdanithly Antctdinséfanesingd) ,
the first, ﬁﬁ%%!ﬁ | Lo I ! -hel i f an
object side I1T. t (Icastﬁégii,ggtr, \A%efen(r%égiﬁn ﬁgyﬁﬁ'?‘?‘%%é%%ag? Eg%gc‘is’@g?g‘% t!-f %‘énlsr ourth
| ens group fizgdmndailewithdenagpum t4) \havinze posisheer tefeactingnforeq thgit is8) and a
pl astic asphfiabhl alofpan(diftical AxidaYd ?_90%’3_@& ¢fith 8ffhaetibR 9f Q@Q’@Eﬁn%-rhus, a
conpact 200H1 | ens. havi n% a hi gh1 mi%mui catﬁon ratio of 2Q.tines can be
obt ai ned at pgw%w_of an lmage plane resulting from varying magnification or
10 changing an object distance (4), the fivst, second, third and fourth lens groups
being disposed from an object side in this order, wherein the third lens group
(8) and the fourth lens group (4) both include a positive glass spherical lens
(L5, L8) and a plastic aspherical lens (L6, L7) having weaker refracting power.
Thus, a compact zoom lens having a high magnification ratio of 20 times can

15  be obtained at low cost.



